SECTION 1

| NTRODUCTI ON

1.1 This manual describes chronic toxicity tests for use in the
Nat i onal Pollutant Di scharge Elimnation System (NPDES) Permts
Programto identify effluents and receiving waters containing
toxic materials in chronically toxic concentrations. The test
nmet hods are al so suitable for determning the toxicity of
speci fi c conpounds contained in discharges. The tests nay be
conducted in a central |aboratory or on-site, by the regulatory
agency or the permttee.

1.2 The data are used for NPDES permts devel opnent and to
determ ne conpliance with permt toxicity limts. Data can also
be used to predict potential acute and chronic toxicity in the
receiving water, based on hypothesis testing or point estimte
techni ques (see Section 9, Chronic Toxicity Test Endpoints And
Dat a Anal ysis) and appropriate dilution, application, and
persi stence factors. The tests are perforned as a part of
self-nonitoring permt requirenments, conpliance biononitoring
I nspections, toxics sanpling inspections, and speci al
investigations. Data fromchronic toxicity tests perfornmed as
part of permt requirenents are eval uated during conpliance
eval uation i nspections and performance audit inspections.

1.3 Modifications of these tests are also used in toxicity
reduction evaluations and toxicity identification evaluations to
identify the toxic conponents of an effluent, to aid in the

devel opment and i npl enentation of toxicity reduction plans, and
to conpare and control the effectiveness of various treatnent
technol ogies for a given type of industry, irrespective of the
recei ving water (USEPA, 1988c; USEPA, 1989b; USEPA, 1989c; USEPA,
1989d; USEPA, 1989e; USEPA, 1991a; USEPA, 1991b; USEPA, 1992).

1.4 This nmethods nanual serves as a conpanion to the acute
toxicity test methods for freshwater and nmarine organi snms (USEPA,
1993a), the short-termchronic toxicity test methods for
freshwat er organi snms (USEPA, 1993b), the short-termchronic
toxicity test nethods for east coast organi sns (USEPA, 1994), and
t he manual for evaluation of |aboratories perform ng aquatic
toxicity tests (1991c).

1.5 Cuidance for the inplenentation of toxicity tests in the
NPDES programis provided in the Technical Support Docunent for
Wat er Qual ity-Based Toxics Control (USEPA, [991a).



1.6 These marine and estuarine short-termtoxicity tests are
simlar to those devel oped for the freshwater organisns and east
coast marine organisns to evaluate the toxicity of effluents

di scharged to estuarine and coastal narine waters under the NPDES
permt program Methods are presented in this manual for ten
speci es from six phyl ogenetic groups. The red abal one | arval
devel opnent test nethod, the giant kelp germ nation and germtube
l ength test nmethod, the nysid survival and growh test nethod and
the topsnelt survival and growh test nmethod were devel oped and
extensively field tested by University of California, Santa Cruz
through the California State Water Resources Control Board's

Mari ne Bi oassay Project. The purple urchin and sand dol | ar
fertilization test nmethod was devel oped by U S. Environnental
Research Laborat ory-Newport, Oregon. The purple urchin and sand
dol | ar devel opnent test nethod was devel oped by the Sout hern
California Coastal Water Research Project. The Pacific oyster
and nussel survival and | arval devel opnent test nethod was

nodi fied from ASTM 1989 by the Washi ngt on Departnment of Ecol ogy
and the USEPA. The nmethods vary in duration from40 mnutes to
seven days.

1.7 The ten species for which toxicity test methods provided
are: the topsnelt, Atherinops affinis, the red abalone, Haliotis
ruf escens; the Pacific oyster, Crassostrea gigas, mussel Mtilus
spp.; the nysid, Hol nesinysis costata; the sea urchin,

Strongyl ocentrotus purpuratus, the sand doll ar, Dendraster
excentricus; and the giant kelp, Macroystis pyrifera.

1.7.1 WMany of the tests included in this docunent are based on
the foll ow ng:

1. "Marine Bi oassay Project Seventh Reports (Reports 1-7)"
by Brian S. Anderson, John W Hunt, and Hlary R
McNul ty, University of California, Santa Cruz; Mark D.
St ephenson, California Departnment of Fish and Gane; and
Francis H Palnmer, Debra L. Denton, and Matthew Reeve,
State Water Resources Control Board.

2. "Procedures Manual for Conducting Toxicity Tests
Devel oped by the Marine Bioassay Project by Brian S.
Anderson, John W Hunt, Shiela L. Turpen, A R Coul on,
University of California, Santa Cruz; M ke Martin,
California of Departnent of Fish and Ganme; Debra L
Denton and Frank H Palnmer, State Water Resources Contr ol
Board, 90-10WQ 112 pp.

3. "Standard Practice for Conducting Static Acute Toxicity
Tests with Larvae of Four Species of Bivalve Ml uscs.
ASTM 1989.



1.7.2 Three of the methods incorporate the chronic endpoi nts of
growt h or devel opment (or both) in addition to lethality. The
sea urchin spermcell test uses fertilization as an endpoi nt and
has the advantage of an extrenely short exposure period (40

m nut es) .

1.8 The validity of simlar marine/estuarine nmethods in
predi cting adverse ecol ogi cal inpacts of toxic discharges was
denonstrated in field studies (USEPA, 1986d).

1.9 The use of any marine or estuarine test species or test
conditions other than those described in the nethods sumary
tables in this manual or in the east coast marine nmanual

( USEPA/ 600/ 4- 91/ 003) shall be subject to application and approval
of alternate test procedures under 40 CFR 136.4 and 40 CFR 136.5.

1.10 These nethods are restricted to use by or under the
supervi sion of anal ysts experienced in the use or conduct of
aquatic toxicity testing and the interpretation of data from
aquatic toxicity testing. Each anal yst nust denonstrate the
ability to generate acceptable test results wth these nethods
usi ng the procedures described in this nmethods nmanual .

1.11 The manual was prepared in the established NERL-C ncinnati
format (USEPA, 1983).



SECTI ON 2

SHORT- TERM METHODS FOR ESTI MATI NG CHRONI C TOXI CI TY

2.1 | NTRODUCTI ON

2.1.1 The objective of aquatic toxicity tests with effluents or
pure conpounds is to estimate the "safe" or "no-effect”
concentration of these substances, which is defined as the
concentration which will permt normal propagation of fish and
other aquatic |life in the receiving waters. The endpoints that
have been considered in tests to determ ne the adverse effects of
t oxi cants include death and survival, decreased reproduction and
growth, |loconotor activity, gill ventilation rate, heart rate,

bl ood chem stry, histopathol ogy, enzyne activity, olfactory
function, and terata. Since it is not feasible to detect and/or
measure all of these (and other possible) effects of toxic
substances on a routine basis, observations in toxicity tests
generally have been Iimted to only a few effects, such as
nmortality, growh, and reproduction.

2.1.2 Acute lethality is an obvious and easily observed effect
whi ch accounts for its wide use in the early period of eval uation
of the toxicity of pure conpounds and conplex effluents. The
results of these tests were usually expressed as the
concentration lethal to 50% of the test organi sns (LC50) over
relatively short exposure periods (one-to-four days).

2.1.3 As exposure periods of acute tests were | engthened, the
LC50 and | ethal threshold concentration were observed to decline
for many conpounds. By lengthening the tests to include one or
nmore conplete life cycles and observing the nore subtle effects
of the toxicants, such as a reduction in growmh and reproducti on,
nore accurate, direct, estimates of the threshold or safe
concentration of the toxicant could be obtained. However,

| aboratory life cycle tests nmay not accurately estimate the
"saf e" concentration of toxicants because they are conducted with
a limted nunber of species under highly controlled, steady state
conditions, and the results do not include the effects of the
stresses to which the organisns would ordinarily be exposed in

t he natural environnent.

2.1.4 An early published account of a full life cycle, fish
toxicity test was that of Munt and Stephan (1967). In this
study, fathead m nnows, Pinephal es pronelas, were exposed to a
graded series of pesticide concentrations throughout their life
cycle, and the effects of the toxicant on survival, growh, and
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reproduction were neasured and evaluated. This work was soon

followed by full life cycle tests using other toxicants and fish
speci es.
2.1.5 MKim (1977) evaluated the data fromb56 full life cycle

tests, 32 of which used the fathead m nnow, Pinephal es pronel as,
and concl uded that the enbryo-larval and early juvenile life
stages were the nost sensitive stages. He proposed the use of
partial life cycle toxicity tests with the early |ife stages
(ELS) of fish to establish water quality criteria.

2.1.6 Macek and Sleight (1977) found that exposure of critical
life stages of fish to toxicants provides estinmates of
chronically safe concentrations remarkably simlar to those
derived fromfull life cycle toxicity tests. They reported that
"for a great majority of toxicants, the concentration which wll
not be acutely toxic to the nost sensitive life stages is the
chronically safe concentration for fish, and that the nost
sensitive |life stages are the enbryos and fry." Critical life
st age exposure was consi dered to be exposure of the enbryos
during nost, preferably all, of the enbryogenic (incubation)
period, and exposure of the fry for 30 days post-hatch for warm
water fish with enbryogenic periods ranging fromone-to-fourteen
days, and for 60 days post-hatch for fish with | onger enbryogenic
periods. They concluded that in the mpjority of cases, the

maxi mum accept abl e toxi cant concentration (MATC) coul d be
estimated fromthe results of exposure of the enbryos during

i ncubation, and the larvae for 30 days post-hatch.

2.1.7 Because of the high cost of full life-cycle fish toxicity
tests and the energi ng consensus that the ELS test data usually
woul d be adequate for estimating chronically safe concentrations,
there was a rapid shift by aquatic toxicologists to 30- to 90-day
ELS toxicity tests for estimating chronically safe concentrations
inthe late 1970s. In 1980, USEPA adopted the policy that ELS
test data could be used in establishing water quality criteria if
data fromfull life-cycle tests were not avail abl e (USEPA,

1980a) .

2.1.8 Published reports of the results of ELS tests indicate
that the relative sensitivity of growh and survival as endpoints
may be speci es dependent, toxicant dependent, or both. Ward and
Parrish (1980) exam ned the literature on ELS tests that used
enbryos and juveniles of the sheepshead m nnow, Cyprinodon

vari egatus, and found that growh was not a statistically
sensitive indicator of toxicity in 16 of 18 tests. They
suggested that the ELS tests be shortened to 14 days posthatch
and that growth be elimnated as an indicator of toxic effects.
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2.1.9 Inareviewof the literature on 173 fish full life-cycle
and ELS tests performed to determ ne the chronically safe
concentrations of a wide variety of toxicants, such as netals,
pesti ci des, organics, inorganics, detergents, and conpl ex
effluents, Wltering (1984) found that at the |owest effect
concentration, significant reductions were observed in fry
survival in 57% fry gromh in 36% and egg hatchability in 19%
of the tests. He also found that fry survival and growth were
very often equally sensitive, and concluded that the growth
response could be deleted fromroutine application of the ELS
tests. The net result would be a significant reduction in the
duration and cost of screening tests with no appreciabl e i npact
on estimating MATCs for chem cal hazard assessnents. Benoit et
al. (1982), however, found |arval gromh to be the nost
significant neasure of effect and survival to be equally or |ess
sensitive than growh in early life-stage tests with four organic
chem cal s.

2.1.10 Efforts to further reduce the length of partial life-
cycle toxicity tests for fish without conprom sing their
predictive value have resulted in the devel opnent of an

ei ght-day, enbryo-larval survival and teratogenicity test for
fish and other aquatic vertebrates (USEPA, 1981; Birge et al.
1985), and a seven-day |l arval survival and growth test (Norberg
and Mount, 1985).

2.1.11 The simlarity of estimates of chronically safe
concentrations of toxicants derived fromshort-term
enbryo-larval survival and teratogenicity tests to those derived
fromfull life-cycle tests has been denonstrated by Birge et al.
(1981), Birge and Cassidy (1983), and Birge et al. (1985).

2.1.12 Use of a seven-day, fathead m nnow, Pinephal es pronel as,

| arval survival and growmh test was first proposed by Norberg and
Mount at the 1983 annual neeting of the Society for Environnmental
Toxi col ogy and Chem stry (Norberg and Mount, 1983). This test
was subsequently used by Mount and associates in field
denonstrations at Lima, Chio (USEPA, 1984), and at many ot her

| ocati ons (USEPA, 1985c, USEPA, 1985d; USEPA, 1985e; USEPA,

1986a; USEPA, 1986b; USEPA, 1986c; USEPA, 1986d). G owth was
frequently found to be nore sensitive than survival in
determning the effects of conplex effluents.

2.1.13 Norberg and Mount (1985) perfornmed three single toxicant
fathead m nnow | arval growh tests with zinc, copper, and
DURSBAN®, using dilution water from Lake Superior. The results



were conparable to, and had confidence intervals that overl apped
with, chronic values reported in the literature for both ELS and
full life-cycle tests.

2.1.14 USEPA (1987b) and USEPA (1987c) adapted the fathead

m nnow | arval grow h and survival test for use with the
sheepshead m nnow and the inland silverside, respectively. Wen
daily renewal 7-day sheepshead m nnow | arval growth and surviva
tests and 28-day ELS tests were performed wth industrial and
muni ci pal effluents, growh was nore sensitive than survival in
seven out of 12 larval growh and survival tests, equally
sensitive in four tests, and |l ess sensitive in only one test. In
four cases, the ELS test may have been three to 10 tines nore
sensitive to effluents than the larval growh and survival test.
In tests using copper, the No Observable Effect Concentrations
(NCECs) were the sanme for both types of test, and growth was the
nost sensitive endpoint for both. 1In a four |aboratory
conparison, six of seven tests produced identical NOECs for
survival and growth (USEPA, 1987a). Data indicate that the
inland silverside is at |east equally sensitive or nore sensitive
to effluents and single conpounds than the sheepshead m nnow, and
can be tested over a wider salinity range, 5-30%.(USEPA, 1987a).

2.1.15 Lussier et al. (1985) and USEPA (1987e) determ ned that
survival and growh are often as sensitive as reproduction in
28-day life-cycle tests wwth the nysid, Msidopsis bahia.

2.1.16 Nacci and Jackim (1985) and USEPA (1987g) conpared the
results fromthe sea urchin fertilization test, using organic
conpounds, wth results fromacute toxicity tests using the
freshwat er organi snms, fathead m nnows, Pinphal es pronelas, and
Daphni a magna. The test was al so conpared to acute toxicity
tests using Atlantic silverside, Menidia nenidia, and the nysid,
Mysi dopsi s bahia, and five netals. For six of the eight organic
conmpounds, the results of the fertilization test and the acute
toxicity test correlated well (r?2 = 0.85). However, the results
of the fertilization test with the five netals did not correlate
well with the results fromthe acute tests.

2.1.17 USEPA (1987f) evaluated two industrial effluents
cont ai ning heavy netals, five industrial effluents containing
organi c chem cals (including dyes and pesticides), and 15
donestic wastewaters using the two-day red macroal ga, Chanpi a
parvul a, sexual reproduction test. N ne single conpounds were
used to conpare the effects on sexual reproduction using a



t wo- week exposure and a two-day exposure. For six of the nine
conmpounds tested, the chronic values were the sanme for both
t ests.

2.1.18 The use of short-termtoxicity tests in the NPDES Program
is especially attractive because they provide a nore direct
estimate of the safe concentrations of effluents in receiving

wat ers than was provided by acute toxicity tests, at an only
slightly increased | evel of effort, conpared to the fish ful
life-cycle chronic and 28-day ELS tests and the 28-day nysid
life-cycle test.

2.2 TYPES OF TESTS

2.2.1 The selection of the test type will depend on the NPDES
permt requirenents, the objectives of the test, the avail able
resources, the requirenents of the test organi sns, and effl uent
characteristics such as fluctuations in effluent toxicity.

2.2.2 Effluent chronic toxicity is generally neasured using a
mul ti-concentration, or definitive test, consisting of a control
and a m nimum of five effluent concentrations. The tests are
designed to provide dose-response information, expressed as the
percent effluent concentration that affects the survival,
fertilization, growh, and/or devel opnment within the prescribed
period of tinme (40 mnutes to seven days). The results of the
tests are expressed in terns of either the highest concentration
that has no statistically significant observed effect on those
responses when conpared to the controls or the estinated
concentration that causes a specified percent reduction in
responses versus the controls.

2.2.3 Use of pass/fail tests consisting of a single effluent
concentration (e.g., the receiving water concentration or RW)
and a control is not reconmended. |f the NPDES permt has a
whol e effluent toxicity limt for acute toxicity at the RAC, it
is prudent to use that permt |limt as the mdpoint of a series
of five effluent concentrations. This will ensure that there is
sufficient informati on on the dose-response rel ationship. For
exanple, if the RWC is >25% then, the effluent concentrations
utilized in a test may be: (1) 100%effluent, (2) (RAC + 100)/ 2,
(3) RWC, (4) RN 2, and (5 RWZ 4. More specifically, if the RWC
= 50% the effluent concentrations used in the toxicity test
woul d be 100% 75% 50% 25% and 12.5% |If the RAC is <25%
effluent the concentrations may be: (1) 4 tinmes the RAC, (2) 2
times the RWC, (3) RWC, (4) RWI 2, and (5) RWU 4.



2.2.4 Receiving (anbient) water toxicity tests commonly enpl oy
two treatnments, a control and the undiluted receiving water, but
may al so consist of a series of receiving water dilutions.

2.2.5 A negative result froma chronic toxicity test does not
preclude the presence of toxicity. Also, because of the
potential tenporal variability in the toxicity of effluents, a
negative test result with a particul ar sanpl e does not preclude
the possibility that sanples collected at sone other tinme m ght
exhibit chronic toxicity.

2.2.6 The frequency with which chronic toxicity tests are
conducted under a given NPDES permt is determ ned by the

regul atory agency on the basis of factors such as the variability
and degree of toxicity of the waste, production schedul es, and
process changes.

2.2.7 Tests recomrended for use in this nethods nmanual nay be
static non-renewal or static renewal. |ndividual nethods specify
whi ch type of test is to be conducted.

2.3 STATIC TESTS

2.3.1 Static non-renewal tests - The test organi sns are exposed
to the same test solution for the duration of the test.

2.3.2 Static-renewal tests - The test organisns are exposed to a
fresh solution of the sanme concentration of sanple every 24 h or
ot her prescribed interval, either by transferring the test

organi snms fromone test chanber to another, or by replacing al

or a portion of solution in the test chanbers.

2.4 ADVANTAGES AND DI SADVANTACGES OF TOXICI TY TEST TYPES

2.4.1 STATI C NON- RENEWAL, SHORT- TERM TOXI CI TY TESTS:

Advant ages:

1. Si npl e and i nexpensi ve.

2. More cost effective in determ ning conpliance with permt
condi ti ons.

3. Limted resources (space, nmanpower, equipmnent) required;

woul d permt staff to performnore tests in the sanme
amount of tine.

4. Smal | er volune of effluent required than for static
renewal or flowthrough tests.



D sadvant ages:

1

Di ssol ved oxygen (DO depletion may result from high
chem cal oxygen demand (COD), bi ol ogi cal oxygen demand
(BOD), or netabolic wastes.

Possi bl e | oss of toxicants through volatilization and/or
adsorption to the exposure vessels.

Cenerally |l ess sensitive than renewal because the toxic
substances nmay degrade or be adsorbed, thereby reducing
the apparent toxicity. Also, there is | ess chance of
detecting slugs of toxic wastes, or other tenporal
variations in waste properties.

2.4.2 STATI C RENEWAL, SHORT- TERM TOXI CI TY TESTS:

Advant ages:

1

Reduced possibility of DO depletion from high COD and/ or
BOD, or ill effects from netabolic wastes from organi sns
in the test solutions.

Reduced possibility of | oss of toxicants through

vol atilization and/ or adsorption to the exposure vessels.
Test organisns that rapidly deplete energy reserves are
fed when the test solutions are renewed, and are

mai ntained in a healthier state.

D sadvant ages:

1

2.

Require greater volunme of effluent than non-renewal
tests.

Cenerally | ess chance of tenporal variations in waste
properti es.
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SECTI ON 3
HEALTH AND SAFETY
3.1 GENERAL PRECAUTI ONS

3.1.1 Each | aboratory should devel op and nmaintain an effective
heal th and safety program requiring an ongoing commtnment by the
| aborat ory managenent and includes: (1) a safety officer with
the responsibility and authority to devel op and maintain a safety
program (2) the preparation of a formal, witten, health and
safety plan, which is provided to the |aboratory staff; (3) an
ongoi ng training programon |aboratory safety; and (4) regularly
schedul ed, docunented, safety inspections.

3.1.2 Collection and use of effluents in toxicity tests may

i nvolve significant risks to personal safety and health.
Personnel collecting effluent sanples and conducting toxicity
tests should take all safety precautions necessary for the
prevention of bodily injury and illness which mght result from
i ngestion or invasion of infectious agents, inhalation or
absorption of corrosive or toxic substances through skin contact,
and asphyxi ation due to a |ack of oxygen or the presence of

Nnoxi ous gases.

3.1.3 Prior to sanple collection and | aboratory work, personnel
shoul d determ ne that all necessary safety equi pnent and
mat eri al s have been obtained and are in good condition.

3.1.4 @iidelines for the handling and di sposal of hazardous
mat erials nmust be strictly foll owed.

3.2 SAFETY EQUI PMENT
3.2.1 PERSONAL SAFETY GEAR

3.2.1.1 Personnel nust use safety equi pnent, as required, such
as rubber aprons, | aboratory coats, respirators, gloves, safety
gl asses, hard hats, and safety shoes. Plastic netting on glass
beakers, flasks and other gl assware m ni m zes breakage and
subsequent shattering of the glass.

3.2.2 LABORATORY SAFETY EQUI PMENT
3.2.2.1 Each | aboratory (including nobile | aboratories) should
be provided with safety equi pnent such as first aid kits, fire

extinguishers, fire bl ankets, enmergency showers, chem cal spill
cl ean-up kits, and eye fountains.
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3.2.2.2 Mobile |aboratories should be equipped with a tel ephone
to enabl e personnel to sunmmon hel p in case of energency.

3.3 GENERAL LABORATORY AND FI ELD OPERATI ONS

3.3.1 Work with effluents should be perforned in conpliance with
accepted rules pertaining to the handling of hazardous materials
(see safety manuals listed in Section 3, Health and Safety,
Subsection 3.5). It is recommended that personnel collecting
sanpl es and performng toxicity tests should not work al one.

3.3.2 Because the chem cal conposition of effluents is usually
only poorly known, they should be considered as potential health
hazards, and exposure to them should be m nimzed. Fune and
canopy hoods over the toxicity test areas must be used whenever
possi bl e.

3.3.3 It is advisable to cleanse exposed parts of the body
i mredi ately after collecting effluent sanples.

3.3.4 Al containers should be adequately | abeled to indicate
their contents.

3.3.5 Staff should be famliar wth safety guidelines on
Material Safety Data Sheets for reagents and other chem cals
purchased from suppliers. Inconpatible materials should not be
stored together. Good housekeeping contributes to safety and
reliable results.

3.3.6 Strong acids and vol atile organic solvents enployed in
gl assware cl eaning nust be used in a fune hood or under an
exhaust canopy over the work area.

3.3.7 Electrical equipnent or extension cords not bearing the
approval of Underwiter Laboratories nmust not be used.

G ound-fault interrupters nust be installed in all "wet"

| aboratories where el ectrical equipnment is used.

3.3.8 Mobile |aboratories should be properly grounded to protect
agai nst el ectrical shock.

3.4 DI SEASE PREVENTI ON
3.4.1 Personnel handling sanples which are known or suspected to

contain human wastes shoul d be i muni zed agai nst tetanus, typhoid
fever, polio, and hepatitis B
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3.5 SAFETY MANUALS

3.5.1 For further guidance on safe practices when collecting

ef fl uent sanples and conducting toxicity tests, check with the
permttee and consult general safety manuals, includi ng USEPA

(1986e), and Walters and Janeson (1984).

3.6 WASTE DI SPOSAL

3.6.1 Wastes generated during toxicity testing nust be properly
handl ed and di sposed of in an appropriate manner. Each testing
facility will have its own waste disposal requirenments based on
| ocal, state and Federal rules and regulations. It is extrenely
i nportant that these rules and regul ati ons be known, under st ood,
and conplied wwth by all persons responsible for, or otherw se
involved in, performng toxicity testing activities. Local fire
officials should be notified of any potentially hazardous
condi ti ons.
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